Summary. Early bovine embryos (1-to 
Introduction
Despite the effort of a number of workers using a variety of culture media and conditions, the success rate for the in-vitro culture of early bovine embryos (1-to 8-cell stages) to blastocysts has generally been low, whereas older embryos (morulae) can be readily grown to blastocysts (reviewed by Wright & Bondioli, 1981) . The most successful report, although based on small numbers of embryos, used a medium formulated from the composition of oviduct fluid and a low oxygen tension (Tervit, Whittingham & Rowson, 1972) . The development of most early bovine embryos was arrested at the 8-12-cell stage, termed the "critical stage" or "block stage" by Thibault (1966) . Such a block may be similar to that observed in the mouse, in which eggs of outbred strains are blocked at the 2-cell stage in vitro unless they are transferred back into oviducts in organ culture (Whittingham & Biggers, 1967) . Muggleton-Harris, Whittingham & Wilson (1982) showed that the cleavage arrest can be overcome by injecting cytoplasmic compounds from embryos of mouse strains that do not exhibit this in-vitro block.
On the basis of these results, we have tried to establish whether fragments of bovine embryos recovered beyond the block stage were able to transmit compounds via the culture medium to early bovine embryos, and thereby promote further cleavage in vitro. We have recently described a procedure for obtaining trophoblastic vesicles ('embryos' without an embryonic disc) derived from Day-14 bovine embryos and have shown that this tissue is able to develop in vitro for at least 5 days and maintains some of its physiological activity (e.g. luteolysis inhibition) after transfer (Heyman, Camous, Fèvre, Méziou & Martal, 1984) .
In this study, the effect of trophoblastic vesicles on the in-vitro development of early bovine embryos was determined by using a co-culture system. The viability of such co-cultured embryos was examined by transferring them to recipient heifers. Part of this work has been reported in abstract form (Camous, Heyman & Ménézo, 1984) .
Materials and Methods

Embryo donor animals
Pure-bred and cross-bred Charoláis heifers were used as donors. They were induced to superovulate with twice daily intramuscular injections of pituitary extracts (FSH-P, Burns-Biotec, Omaha, NE, U.S.A.) given in decreasing doses for 5 days starting on Day 9-13 of the cycle (Elsden, Nelson & Seidel, 1978 Buisson, 1977) into the middle third of the uterine horn ipsilateral to the corpus luteum.
After 2 or 3 days, the embryos were collected non-surgically (Ozil, Heyman & Cassou, 1980) ; at this stage they would normally be expected to be blastocysts. Most embryos recovered at the blastocyst stage were deep-frozen by the method described by Renard, Heyman & Ozil (1982) 
Development of early embryos in vitro
A greater proportion of embryos developed into morulae (> 16 cells) in co-culture with tropho¬ blastic vesicles than when cultured alone (46% compared with 18%; < 0-001). This improved development observed irrespective of the initial cell stage was only significant at the 1 -, 2-and 8-cell stages (Table 1) . However, 8-cell embryos exhibited a higher percentage development into morulae than did 1-to 4-cell embryos whatever the culture system (30% compared with 15% in Medium B2SS,P > 0-05; 70% compared with 41% in Medium B2SS + TV, < 0-005). Some of the 8-cell embryos reached the compact morula stage. The extent of development of the embryos in both systems is presented in Text- fig. 1 . The distributions of the cell stages were significantly different between the two culture systems except for the 4-cell stage (P < 0-005 for 1-and 2-cell embryos; Fig. 4) , while in the other some had entirely lost their contacts and some were isolated in the blastocoele (PI. 1, Fig. 5 ) and degenerate. Mitotic figures and only a few cytoplasmic vesicles were observed in the trophoblastic and embryonic cells. In the remaining 15 cultured blastocysts recovered, 7 had a defined inner cell mass but showed more degenerate extruded cells than the expanded blastocyst (PI. 1, Fig. 2 ), 8 had an appearance similar to the other embryo (PI. 1, Fig. 3) . However, the gross morphological characteristics of these latter blastocysts did not permit determination of whether all embryonic cells were degenerate or whether some were viable.
Final transfer of cultured embryos
After thawing, both of the deep-frozen blastocysts in the control group and 2 of the 12 in the experimental group were discarded because of degeneration. The remaining 10 embryos were transferred into 10 recipients. Four pregnancies were initiated, but 3 recipients returned to oestrus on Days 26, 40 and 45, respectively; the 4th recipient delivered at term (284 days) a normal male calf (PI. 1, Fig. 6 Kuzan & Wright (1982) showed that bovine uterine fibroblasts promoted hatching of porcine blastocysts, but did not have a favourable effect on development of porcine morulae.
The present study showed that trophoblastic vesicles promote in-vitro cleavage of early bovine embryos beyond the block stage. The effect was apparent with embryos at the 1-, 2-and 4-cell stages but was greatest for 8-cell embryos. Even in the control group, development of embryos progressed better from the 8-cell than from the 1-, 2-or 4-cell stages. According to Seidel (1977) , late 8-cell embryos should be easier to culture than those having just reached the 8-cell stage, but there is no morphological characteristic which distinguishes such embryos.
Although a greater proportion of embryos developed into morulae after co-culture with trophoblastic vesicles, these embryos did not attain the stage of development expected of embryos of the same age in vivo. Lindner & Wright (1983) reported that, just after recovery, the majority of Calarco & McLaren, 1976) . In particular, cytoplasmic vesicles were found in abundance in both types of embryo. However, deleterious effects were visible after differentiation into blastocysts in the present study. The detrimental effect of culture seems to be exerted specifically on the inner cell mass cells, known to be more sensitive to adverse conditions (Wintenberger-Torrès, 1967 ). These observations might account for late returns to oestrus, due to the development in utero of trophoblastic tissue only (Martal, 1981 ; Heyman et al, 1984) . Renard et al. (1980) have shown that pregnancy failures also increased after culture of blastocysts for 24 h. On Day 70 the pregnancy rate from non-cultured blastocysts, frozen with the technique used in this study (Renard et al, 1982) 
